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Abstract 
In Dei~rnber  of 7000 two d e \ t i ~ ~ ~ t i \ e  Ice stolnls c o \ e ~ e d  Alhclnccls. affecting 10cr 01 the itate's 
fore\tland\ Damage <stlmatei ran into the hundredi of millions of dollari. hith much of the lor\ occur- 
ring In lobloll) plne ( l J r t z i i r  iac.dii L ) plantations A >tud\ \%as initi,ited In iouth-central ilrhansas to 
tiach the reio\er\. of damaged trees on these plantations O\er 400 m n i ~ o r s  lvere assessed for the type 
and iiegiee of damage. tagged. and then re-evaluated after one growing \ea\on Obser~atlons indcated 
that znidl Iametei  trees nele  more lihel) to bend ce\erel>. ~vhile intemiedlate si7r items tended to 
b r e d .  ~ n d  the bigge\t trees pnnlanly cuff'ered crown and branch 105s Though mo\t individuals weath- 
ered this t i~s t  gro\vIng he'ison after the ice stomls. the mortality ( 10%) was greater than what would be 
ckpected for comparable undamaged trees in managed plantations Growth rate\ dunng this first 
s o u  ins 4eason uere a function of inltial s u e  and extent of damage Overall. suniiors averaged 
0 2 Inch of diameter gro~vth. with over 10Ci. exceeding 0 5 inch The relati\ely high bur\icorshlp of 
elen \e\erely damaged loblollq pine suggests that salvaging of Ilving trees ma) be po5tponed at least 
one 9o\vtng season if fire, insect. or disease danger 1s not escesslve. Indl1 duals that rece~ved low to 
moderate damage appcar capable of respectable growth following ice damage L'lt~n~ately, i t  may 
pro\e more economical to partially salvage a damaged stand if sufficient stochng remans to meet 
management objecti\es 

IUTRODCCTION 
Ice btornli x e  rel'iti~el> frequent virltors to 
-\il\ans,ls Depending on location. between 5 to 
I0 dainaging glaze events have occurred dunng 
the lait quarter ientun In December of 1000. 
t\\o malor ice irorms damaged up to 4 0 9  of 
the 1 S 3 mllllon acres of t~mberland in 
Irl,aiiia\ and cost L ~ n  estimated $547 million 

( Forgr,i\ e 700 I ) 

Indu>tnall> -o\vned loblollj pine (P~rziir rizedn 
L plantations in the iouth-central portlon of 
the itatc &ere hes~l ly  damaged by the\e Ice 
m m l i  Lobloll) plantation5 that were formerl) 
dense stands ,ind h ~ d  been recently thinned 
\bere prlrticuIarl!+ ~us~ep t ib le  This culnera- 
bllit> hcic been noted b> other researchers 
i?iel\on 195 I .  Sheparti 198 1 ) Other factors 
that n i ~ >  hale contributed to the degree of 
g l ~ r e  damage experienced lnclutle wood 
qi~aIit>. tree iirelage. ,~nd  slte condltloni 
(Brender .ind R o n ~ , ~ n ~ l e ~  1965, Smith 1000) 

potential to limit damage (Zeide and Sharer 
2001) We ha\e inrtiated a long-term study on 
lobloll> plnes Injured b) the December 2000 
Ice ,torn17 to help deternune appropnate s~lvi -  
cultural re\ponses to plailng This paper gves  
preliminxy mortalit) and g o ~ l  th results of thls 
itudy and pro\ Ides a number of post-event 
Lreatment I-ecomn~endatlons designed to mini- 
mize lo\\er t o l l o ~ l i ~ ,  - be\ ere ice storms. 

METHODS 

Study .ires 
5 . 18- to 30->ea1-oid iobloll!+ plne plantations 
in Da11615 ( 4  \tancis). Gmnt i 1 stand), and 
Jefferson ( I itand) counties in south-central 
Arhan\a\ were chosen for thl, study All stands 
\+ere owned b International Paper Company. 
and had been thrnned onie but not fertilized. 
Ylte4 ~ a n e d  some\vhat h\  location, but were on 
roughl) similar tcnaln ( tl'lt to gently rolllng 
slope\) of intemlecii.>te qi~allt> 

LLhlle iome attributes .lie dilficult to 
Sampling Design ,~dequatel> cont~ol io as to nllnlrnlze ice injuc,  

.tppiopn,tte iil\lcultural techniq~les ha\e [he In Apnl of 9001. \ \e  >elected 110 hve loblolly 
pine4 ~ i t h  dlffennz t> pe\ and magnitudes of 
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J,~ni,tge r Figure 1 ) Ya~npie treer \\ere riot 
~Iio\cn r,iniionil\ hut r athe1 u ere ptcked ar 
icprescnr,ttl\r inch\ id~ial5 eupresilng a range of 
ii,~niasc ioi ,I g1Lt.n ilze cl'is5 Pme\ ,1150 \\ere 
nor it.lcited In propor-tlon to their site- or 
i i , i r i i , ~ ~ e - c l ~ ~ ~ s  iepIcrentatlon \~.lthln the stand 

Figure 1. Distribution of sampled loblolly 
pines (n = 410) h!, damage types. 

Branch + crown 
loss (36.1%) 

/ '  

Due to loglrt~cal challenges. the loblolly plnes 
in this itudq were not idenr~iied and measured 
unt~l Apnl 300 1 4lthoush llrn~ted reco\ery 
from the inlt1,11 Injurq may ha\ e occurred for 
>ome of the s t em-bo~ed  tlees In the Inter- 
\cnlng months. the!, st111 reflected the relat l~e 
magnttude ot the e\ent. D a n i ~ ~ e  ranged from 
\ e n  little lort tlsb~ic ( e  g . 11nuted loss of 
needle\ or sniLill tulgr)  to the renio\al of most 
I l ~ e  foltage L I , ~  branch locs or bole bredage.  
Loblolly that \$ere bowed o\ er or root-5prung 
\Lele also ~nclucled. but 1nd11 tduals broken 
belou the h \e  cronn here not lncl~ided 
beiause rhe~r death \bar me\ ltable. 

Orice selected. each tree u ,I> panted for later 
~clocarlon and ~ l s o  recelled a numbered 
Ltlunilnurii tag placed In the ground adjacent to 
the hole D~arneter ,it hrea\t he~ght (DBH) was 
recorded to the ne'trcit 0 1 inch For ~ndi l ld-  
~iais that had been hov ed o\ er or root-sprung, 
nn ,inzlr g'i~ige \%a> used to ectlniate the degree 
the gro\\ iris t ~ p  had been bent from vertlcal 
c "ippcnd~u 4). ;tntl '1 cornpars \z,is used to estl- 
m'tte the ,lzl~nuth of the lean For trees s ~ t h  
brLlnch or bole 105s. the percent loss of the 
croun u,i\ ocularlq ertlniated to the nearest 
t Append11 A) There measures were repeated 
&lfter orit g ~ o ~  ing sectsort, ulth loblolly that 

dled In the irtrrr\enlng priiod noted. Any other 
relr  ,1111 i l ; tn i r~~r  .1tt1-1bi1tt.5 \\ere ~ecorded both 
d~ir~rig ituci! c.stahllihrnent ,~nd at the f i~s t  
icn1e:t~uIertit.nt 

Inill\ idu'il pines nerr  (hen il,~srlfied Into one 
ot ti\ r d,lrn,~ge cstesonec. based on thelr 
prlniar) I ~ J U I ?  I e ~ e l  t Table 1 The follow~ng 
rerulti Ate b'tsed on this firrt-yex assessment 
of the onginal 410 lobloll> plnes. 

Table 1. Damage classification criterion. - 
Rranchlcrown Root-sprung 

loss ( 3 1 Category bowing jO) 

< 10 ~nslgnlticant < 10 
1 0- 34 nilnor 10-19 
25-14 nwderate 20-39 
45-69 major 10-59 

70- 1 00 cntlcal 60-90 

RESULTS AND DISCUSSION 

Damage Distribution by Tree Size 
Patterns ot slate damage \\ere not consistent 

,)cross the DBH range conrldered. Small trees 
responded dlffe1entl.i. to Ice ,iccumulat~on than 
intermed1,1te-s1zed ~ncilr duals. wh~ch  In turn 
behaved dll-ierentl~ than larger pines Although 
we d ~ d  not specifiiallq tcrt for cause of 
breAage. th15 tiend mas probably related to 
hole pllahii~ty 5lenJer loblolly pines (mostly 
le,s than 5 Inches in dla11i~'ter) usually bowed 
under the weight of acc~imulated Ice (Frgure 2). 
hiit In r n m y  cares were sufficiently flexlble to 
\tistan thls injur? \b~thout no~ceable  damage 
to the brancher. bole, or roots 

Figure 3. Ice damage to young loblolly pine, 
showing tendency of slender trees to bow. 

Loblolly that were 5 to 10 inches in DBH 
~isually started to bend in a similar fashion, but 
tlir lessrr flexibility of their stems, coupled 



~ i t l i  ~ I ~ ~ I I ~ I  \ t i ~ t ~ i c c  c ~ ~ c . i .  o t t c~ i  led to \ten? 
~,~ ' ,~h, ige <I \  tile bciiciln~. toice e\cecdod the 
~ ~ \ ~ \ t ~ i i l c e  L ~ I ~ . I L I ~ I  0 1  [lie lx)lc 501iietinie~. the 
h~c.ih,igc ~t .i poriit 111 the crown mhere 
c i lo~~gl i  [ I \ \ '  toli,igc i e i i i , ~ i ~ ~ e d  101 the chance of 
I C L O \ L I I J  to be g o o ~ i  Othci\ t r i ~ l e ~ i  'it '1 point 
,iloilg tiic i7olc \! iicit the entile 11\e crown was 
lo\[. I\~lling th: lohloll\ priic o u t n ~ h r  
lF-lglrle 7 )  

Figure 3. Intermediate-sized lohlolly pines 
tended to break along the bole, often below 
the live croN n. 

The l'lrgest ot the pines rthose g e a t e r  than 
I0 inchei DBF-I) ustiall> had s ~ ~ f i c i e n t  bole 
\uength to i u n r \ e  theie glaze >tormL n i t h  onl! 
the lo\\  of fen hr,lnche\ or perhaps the 
cron iiiy Ie,~der I I-igurc 4 i Since rncreasing 
,lie ,ubi t~nt lal l> inLre,iiei the potential for 
ic\i\t,irice ice dnm,igt.. laige trees nil1 
1 1 ~ 1 1 ~ 1 1 1 ~  \ie,lthi.r ,in ice sromi better than rnlall 
oni.\ i i i i ic~\  dn ,1$gici\.itlng c~rcunistancr ( e  g . 
root di\c,iii  or 1,lige i,iilhe~ ) p r o d ~ ~ c e s  <i cntical 
\\ c,ihncss 

The t.\tciit ot d,tnt,ige e\pei~encecl by any 
gi\sii lobloll\ pine nLl\  .I tunction ot the 
p,inicui,lr ~ircnrr is t~tncis  ot the i n d l ~  idual For 
I I I \ I , I I IL~.  tIec\ \s i t i i  .I\\ tri~netnc,tl cro\\ ns o r  
ic)rhcd bole\ often iicei\cci nlore crown 

'Fable 7. Percent of inortalitv bv damaee t v ~ e .  
Pct. 

I>arrrage Total of 
t ?  pe 110. total 

171 '111~ h lo\, 

croii 11 lo\\  

\ten1 bo\\ LYI 

I oot \pnriig 

110 ~i.lrn'l.-t. 

ii,i~ri,igi. th,in mote rcgu1,ir 1) formed 
indi\ id~l;ili C ~ i ~ l e t i n i c i  the Ie\erage was suffi- 
'rent to rnggei ioot-\pi-inging, eipecially if the 
ioot i> stem\ u ere \+ e,ij\ened oi shallow. 

Figure 1. \Vith the elception of some branch 
and growing tip breakage, this older loblolly 
plantation experienced ver? little damage 
from the December 1000 ice storms. 

First Growing Season Survivorship 
Ot the 410 I~v ing  lobloll> plnes measured in 
4 p n l  of 7001. ?73 \\ere itill alive by the end 
of the fir<[ post-ice itorni groulng season. 
-ilrno\t 1 O0r of the \Lin e> ed trees had expired 
eithri trom the11 iiijunei or trom subsequent 
causes like wrndthro\r n. insects. o r  dlsease. 
Tliii niortalltq late appre,iahly rvceeded the 
txpected loss rate tor thoie stands :f the ice 
\tonns had not o ~ c u r r e d  i K Hansrn. 2002, 
p e r s o n ~ l  communication I 

Grne~, i l l>.  pine i~~or ta l i t \  pxa11eled their 
frequenc\i In the o n g ~ n a l  \ample. suggesting 

that mort,tlrtq \\ ~i '1 tunct~oti of d ~ m a g e  
sekent! rxher  than damage t tpe .  Of the 37 
ianipled lohloll> pines that died dunng  this 
penod. most u e i e  in&\  duals 1~1th pronounced 
c l o u n  losi or bobtin? i T ~ b l e  2 ,  Tot  surpns- 
lngl?. uncianiagzd lohioil> pines ruffered no 

Pct. Pct. 
So. of of 

dead total dead 



mort,ilrt> 'ifter the Ice \tormi Losse~ were 
?reatel nrth il,~niaged t r x s  7 Xrc of bo\ved-. 
0 3'7 of cro\hn lo\\-. and 16 7'r oi branch lois- 
,ittc~ted loblollq peristiecl d ~ ~ n n g  thrs period. 

One notable cxceptlon to the rnortal~ty trend 
ioccuned 'imong the loot-5pnlng pines. Root- 
ipnins i n d i ~  1duaIi cori~pi-~sed almost 19? of 
the m o r t a l i ~ .  e t  represented slightly more 
titan ?=( of the onginal tree inmple Over half 
(-54'7 ) of the I? sanlpled root-sprung lobloll> 
pme\ dred. a much hlgher rate than any other 
damage tqpe The not~ceablq htgher mortality 
ot root-iprung ~nd~ciduals was probably related 
to the belowground damage mpenenced 
coupled n ith pronounced bow~ng of the trees. 
The llhelthood of m o r t ~ l ~ t y  Increased with the 
w e n t y  of damage Yo trees with lnsrgnificant 
to moderate damage penshed In the first 
growing season since the ice storms, wh~le  
losses in the cnt~cal  category were particularly 
severe (Table 3 ). The magnrtude of damage 
uould suggest that root-sprung trees or those 
u rth leans greater thdn 60° or more than 70% 
of their fol~age lost a e  poorl) surted tor 
long-tern1 reco\ e q  'md. hence. retention. 

Table 3. Xlortality rates by extent of damage 
following the first post-ice storms growing 
season (see Table 1 for categorv definitions). 

Total 
Damage number Number Number 

level sampled surviving dead ( %  ) 

rns~gnificunt 1-72 132 0 (0.0%) 
nirnor 5 9 59 0 (0.0%) 
ntodcrate 45 45 0 (0.0Vo) 
I ~ ~ ~ J O I '  5 6 52 4 (6.9%) 
cntical I IS S5 33 (38.0%) 

Cltrso~?. examination of si~rvi\.ors in these 
stands iifter their first post-ice storm growing 
season suggests that morrality may increase 
sharply over the nest few years. eiren for those 
that experienced only limited ifamage. By the 
spring of 3003. thinning cro\i.ns. chlorotic 
i'oli:~gc. nrld abundant pitch seepage from bore 
holcs o n  many survivors provided telltale signs 
of an insect att:~ck that \vill probably claim 
many of the sur\.ivors. Dise:ise problems are 
not 3s o b v i o ~ ~ s  at this itage but are also 
expected to incre:tse. 

First <;rowing Season Increment 
Betore being injured bq the December 2000 
tcc' storms. most crop trees in theie 18- to 

20-qe.tr-oltl pl,intattons \ioiild hale g o w n  
 bout 0 5 tnih tn DBH. dzperiding on stand 
d c n i ~ t ~  ~ n d  sttc quaI~t> i K H.lnsen. 2001, 
per son'il con~m~iniiation ) The \bidespread 
darnagc to therr c iohnj  h ~ s  [educed t h ~ s  incre- 
ment to .In ae rage  of 0 7 ~ n c h  for the sunicors 
t h ~ t  dlipi,i>ed positi\e ~ncrement. Approxt- 
mate1 13 rc  ot the raniple d ~ d  not measurabl~ 
increase 111 d~arnetei diit~ng this first growlng 
season. and 5 3 5  glen 0 3 ~ n c h  or less. 

Houe~er .  not a11 lobloll) that were sampled 
eupenenced poor grow th Almost 13% reached 
the 0 5 inch l e ~ e l .  ,ind 3 handfkl of trees 
exceeded O 7 inch ot diameter tncrement 
dunng t h s  first growrng season. For ~ n d v ~ d -  
uals that surv~ted the glazing w ~ t h  rela~vely 
l~ttle Injug. the ice rtornis acted more hke thln- 
nings than damaging e\ ents This becomes 
'ippxent whcn injurq rttagri~tudc 15 compared 
to d~ameter growth. When grouped by size 
categones, trees with greater damage expen- 
znced a drsproportronatel> higher frequency of 
reduced diameter growth (Table 4). Table 4 
also reflects the tendenc? of luge  ~ndntduals 
to sun r ~ e  an ice itorni rel~ri\ely unscathed. 

Table 1. Number of lobIolly pine survivors 
reaching the following growth rates by size 
class and level of in.jury. 

Diameter growth 
Size class - - - - - -(inches) - - - - - - 
Damage level < 0.7 0.2-0.1 > 0.4 

- - Xuinber of survivors - - 
< 7 ~nchei  DBH 

rnstgnificant S 20 I 
7 minor 3 0 

moder'ite S 5 0 
n1aj01 5 12 1 
cntical - 7 - 1 7 0 

7- 10 rnclie< DBH 
rn\rgnificant I 1  54 9 
rnrnor 1 3 1 5 
rnoder'ite S 17 3 
major 7 1 - z 8 0 
c r i t ~ c ~ l  4 i 13 0 

> 10 inches DBF-I 
insignificant - 7 18 9 
minor ) 5 1 
moderate - 7 - 7 0 
nir~,jor 1 i 1 
critical 0 - 7 0 



\I%h %(;E\IE\?' IXIPI,IC.%TIONS 
i l l \  ~cul t~i r ,~ i  pi .ictiies recognlzlng that some 
Ioi,ltlons ~ n d  itand i o n d ~ t ~ o n s  arc much more 
\~ l lne~ab lc  to ice storm\ ma) proclde the be\t 
itr'itegk tor ni,ln,tglng dam'ige For example. 
Zeitfe 'lnd Sharer r 2001 1 pro\ lded a number of 
p x \ m t i \ e  iteps a~nleci at rnlnimlzing the nsk 
of smoiis loss to g la~lng.  ~ncluding w ~ d e  imtial 
spdclng. eai 14 thlnning5. competition control. 
.md des~gri~ng n1,tnagrrnent goals to local 
~oncii t~ons 

Howecer. mo\t lob loll^ plne plantations are not 
managed w ~ t h  catastrophic natural hrturbancer 
in mind ,ind need to be treated lollowlng a 
damaging e\ ent 4 number of management 
recomniendations tor recovering from Ice 
storms c,ln be made based on there preliminary 
 result^ Thls Ilrt 1s not Intended to be exhaus- 
tile, but rather to wggest the most productive 
btrategie5 for recouping io\ses trom Ice storm 
damaged timber and precentlng future losses. 

1 Thoroughlq arsels the damage using a 
54 Stematic Incentor? firrt. rather than 
belte\~ng the worst and assuming the 
stand\ are completely lost. MaLe sure the 
~ncentorq recognires the d~fferent types 
and rli,lgnlt~~de\ ot damage porsible, and 
realize that elen moderately injured indi- 
\ ldtials still h'lce conrlderable capacity to 
lecocer from glaze damage 

1 Keep stocklng objective\ In m n d  when 
dec~ding to replace or retain a plantation. 
E\en when 3 large number of lndiv~duals 
from '1 5tand hace been lost to an Ice 
itom1. the re\ldual $to~klng may be s u f i -  
cient to manage as 15. rather than clemng 
and beginning anew If the crop trees are 
In re'lronably good shape. unde~rtocked 
st'inds hacc the potenti,tl to ieco\er to 
,idey~~atc Ieceli bq the end ot the rotation 
(Baker and Shelton 1998) 

7 If the markets ,Ire f aborable. \aleage the 
iie\tro! ed or i r    tic ally damaged t~mber as 
won J\ poi\~ble D e d  \wad ~n~niediately 
beg~nb to cuperience wnte loss of wood 
qualit>, 'tnd ma) be conipletely unsalable 
M  thin a feu months Addtttonally, dead 
trees ierce a\ '1 bieed~ng and feeding 
g~ound to1 m,in> dam'tging insects and 
tungl. which ma! qi~ickl) spredd to 
\ L I ~ T  I \  ori 

1 Loblolly plnei that h,l\ e recr i~ed cntlcal 
lc\eli o f  lnlun (Tciblci 2 'tnd 3 )  hale a 
greatl. reduced chance of 5ur\ lclng even 
the first yea1 iollo\&~ng a \ e \ e ~ e  Ice storm 
,ind ihould be targeted in an! earl) salvage 
etforts Theii ~enio\,ll nia? 2150 lend 
greater leslstance to peit o~itbreA5 in the 
stand. 35 these  he^\ d,irn,tged indn ~ d -  
ii,ll\ 'Ire the least like14 to successfully 
repel an ~ t t a c k  

5 E~aliiate the long-te~m grouth potential of 
1nj~1ie.d but reco\ erable surl ~ \ o r r  T h s  
itudy's early result\ suggert that ecen 
talrl? heal 11) damaged lobloll> pines can 

at a iebpectable rate, and unless 
ie~erel! dmiaged. ma? be ~ndist inplsh- 
able from undamaged trees in a few years. 
Depending on the prodilcr belng grown 
(\,I\\ timber c ersus pulpwood or chp-and- 
\au ). other intend may need to be used. 
For example. ~f sawlogs are the deslred 
product. and a young pine has been broken 
belou the firrt log. then thi\ tree probably 
should be remoced 

CONCLCSIOKS 
Ice stoma hace the potentla1 to cause senous 
damage to large portions of ArkCl1isar forests, 
md ,  indirectly. the forest products Industry. 
Wh~le  thelr occurrence I \  unpredictable, careful 
adherence to good sll\ 1cuIti11al practices before 
glazing stnhes and qulck thlnhlng afterwards 
can help ~nlninilze the lo\ier eupenenced by 
l,tndo\\ n n  s 

Thls preiln~ina~ y study ot lecol enng planted 
loblollq pines follo\$lng the December 3000 
4rkansas ice stonns has ian~lficatlons for post- 
elent treatmen[\ Cntlcallq lnj~ired plnes (those 
with -70C( cro\cn loss or -60° item bowing, or 
root-spn~ng i n d ~ i  ~duals)  experienced wbstan- 
tially hlgher rnort,~l~t> and louei yo\vth poten- 
tlal. \uggestIng the ~ a l u e  in thelr ~mnlehate 
\all age Stancis should ,ll\o be usitched for 
sign\ ot eupand~ng Inseit infe\tatlon. especially 
~f 5'11; 'lging liar been de lL~~ecf  
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Appendix A. Graphical examples of ice damage measurement protocols developed for the 
December 2000 Arkansas ice storm recovery study. 

Branch loss 
Leader present, 
about 20% loss 

oo Stem bent 
(Side view) 

Crown loss Stem breakage 
Leader missing, No live branches, 
about 30% loss no potential for recovery 

(not evaluated) 

Root sprung 
(Side view) 




